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Introduction
The U.S. Department of Energy (DOE), National Nuclear Security Administration Nevada Site Office (NNSA/NSO) has implemented varying institutional control policies in performance assessment/composite analysis (PA/CA) calculations for the Area 5 and Area 3 Radioactive Waste Management Sites (RWMSs) (Shott et al., 1998; 2000; Bechtel Nevada [BN] 
Background
The Area 5 RWMS PA assumed loss of institutional control after 100 years followed by postdrilling and intruder agriculture scenarios for the IHI. Human intrusion was assumed to occur (probability = 1). The Area 3 RWMS PA/CA used a probability distribution for the onset of loss of institutional control based on the results of an expert judgment elicitation of the probability of IHI. Human intrusion was assumed to occur (probability = 1) after loss of institutional control (Black et al., 2001) . The current version of the Area 5 RWMS PA uses a probability distribution for the onset of loss of institutional control, and weights the chronic doses by the probability of IHI for the area (footprint) of specific waste disposal units (shallow land burial, Greater Confinement Disposal, Pit 6).
Institutional control policies have been identified in conditional acceptance requirements for the Disposal Authorization Statements (DASs) issued by the DOE based on recommendations from formal reviews by the Low-Level Radioactive Waste Review Group (LFRG). Specific conditions involving institutional control include the following:
1. The site is to better justify the selection of 100 years until an intruder would access the site (memorandum, Cowan to Dever, 1996) .
2. Lack of justification for excluding particular intruder exposure scenarios based on exhumed waste and lack of sensitivity analysis regarding the assumed 250 years of institutional controls (memorandum, Fiore and Frei to Carlson, 1999) .
3. The DAS for the Area 5 RWMS PA and CA identified two areas where the initial site design did not meet the performance objectives. Two conditions were imposed, both related to the IHI scenarios:
a. As a result of the post-drilling intruder scenario as stated in Section 5.1 of the 1998 PA, the specific radionuclide concentration or inventory limits shall be imposed on Pit 6 to ensure that performance will not be exceeded, and b. The closure plan shall require a closure cap thickness of at least 4 meters as stated in Section 5.1 of the 1998 PA to ensure that performance objectives for the agriculture scenario will not be exceeded. (BN, 2002; Black et al., 2001 ). The intruder results are reported in the PA addendum as the product of intrusion probability and the intruder scenario total effective dose equivalents (TEDEs) (probability weighted doses).
A Unified Approach to Institutional Control Policy
The NNSA/NSO, in response to concerns over consistency issues in numerical modeling and land-use policies, has conducted an evaluation of program assumptions across the waste management and environmental restoration programs. A key issue is consistency in land-use policies and treatment of scenarios for IHI at the NTS.
Three significant land-use policies have been identified. First, the NTS is an NNSA/NSOcontrolled site and the policy intent of NNSA/NSO is to retain control of the NTS "in perpetuity." The NNSA/NSO has identified the Area 5 and Area 3 RWMSs as Restricted Use Zones under control of the NNSA/NSO Manager in local directives (NNSA/NSO, 2006) and are sites with ". . . a compelling need (such as security, restricted access, remote location, physical characteristic) to be within the secure boundaries of the NTS." Second, assessment of radioactive contamination of groundwater from underground testing of nuclear weapons is the highest priority EM program for the NTS. Underground testing resulted in over 132 million curies of radioactivity in the subsurface of the NTS. The UGTA Project activities addressing deep underground radioactive activities are the highest priority with the state of Nevada regulators due to the limited availability of water resources (DOE, 2006 
The Corrective Action Strategy for the UGTA CAUs
The corrective action strategy for UGTA is based on a corrective action process where boundaries are identified for each CAU that encompasses geographic areas containing groundwater that may be unsafe for domestic and municipal use. Each UGTA CAU will be evaluated through data collection, evaluation, and numerical modeling leading to predictions of the maximum extent of groundwater flow and contaminant transport from underground testing of nuclear weapons. The vertical and horizontal extent of contaminant migration will be predicted for each CAU. The primary objective of the modeling is to predict the contaminant boundary and the uncertainty associated with the predictions where contamination exceeds the Safe Drinking Water Act (SDWA) standards. The numerical model requirements are to predict the location of individual contaminant boundaries within 1,000 years using the 95th percentile of a probability density function to define the uncertainty in the location of the contaminant boundary. The NNSA/NSO and the Nevada Department of Environmental Protection (NDEP) will negotiate a compliance boundary based on the contaminant boundary. A current assumption of UGTA is that contaminant control and/or remediation is not technologically or economically feasible (DOE, 2006) . With the establishment of a regulatory compliance boundary, remedial actions will be evaluated and a five-year monitoring plan will be developed to assess the adequacy of CAU surveillance. If the monitoring plan is found acceptable, a closure plan will be developed, followed by a long-term closure monitoring program.
The expectation of the UGTA is that protection of human health and the environment will be based on controlled access to areas of contamination (areas within the compliance boundary). The use of restrictions for controlling land access is defined in Section 6.0 of the FFACO Handbook, and the corrective action strategy for the UGTA is described in Appendix VI (DOE, 2004) . A use-restriction form and map is developed by the NNSA/NSO contractor as part of the draft closure report. Pending approval by the NDEP, the form and map of the use restriction become the official records for documenting sites with remaining contamination after closure. The NNSA/NSO, the Bureau of Land Management, and the U.S. Air Force will maintain userestriction records as long as the land is under their jurisdiction.
The regional groundwater flow models for the Death Valley Regional Groundwater Flow System have been developed and used to provide boundary conditions and boundary fluxes for UGTA CAUs (DOE, 1997; D'Agnese et al., 1997; Belcher, 2004) . The Frenchman Flat CAU has progressed through the first phase of the data collection, evaluation, and modeling cycle (flow and transport models). An external peer review of the modeling results found the work to be insufficient to resolve the CAU goals, primarily from an incomplete assessment of all components of uncertainty (particularly conceptual model uncertainty) (IT Corporation, 1999 ).
An amended corrective action investigation plan was developed and approved by the NDEP for the second phase of data gathering and modeling. New exploratory drilling, supplemented by geophysical and water geochemistry studies, were completed. This work provided the basis for establishing multiple alterative conceptual models of the hydrostratigraphic framework of the Frenchman Flat CAU (BN, 2005) . The alternative hydrostratigraphic frameworks were included with varying boundary conditions, boundary fluxes, and alternative recharge models, to develop revised flow models. The flow modeling phase has been completed, and a final report developed (Stoller-Navarro, 2006) that is being reviewed by the NDEP.
Transport modeling, incorporating conceptual model uncertainty from the flow modeling and parameter uncertainty, is underway. Current results are inconclusive as to whether the Area 5 facility will be included in the contaminant and compliance boundaries associated with a cluster of underground tests in northern Frenchman Flat because of combined uncertainty in groundwater flow directions, flat groundwater gradients, and limited transport in 1,000 years. The model boundaries are expected to be close to the Area 5 RWMS and the Assistant Manager for EM at the NNSA/NSO has administratively agreed that the facility will be included within the contaminant and compliance boundaries for the Frenchman Flat CAU.
The alternative hydrostratigraphic framework models have been completed for the Yucca Flat CAU (BN, 2006) . Work on the development of the Yucca Flat CAU model is ongoing. The Area 3 facility uses subsidence craters developed from underground testing of nuclear weapons and is within the expected contaminant and compliance boundaries for the Yucca Flat CAU.
Implementation of the Institutional-Control Policy
The development of a consistent and fully defensible institutional-control policy remains problematic for DOE and NNSA. Regnier and Wallo (2006) discuss multiple aspects of regulatory policies for the DOE with a focus on time of regulatory compliance and institutional control policies. They argue that a 1,000-year compliance interval provides a realistic upper limit for regulations that balance the uncertainty of PAs and the risk, cost, and benefits of protection of human health and safety from a multi-generational perspective.
Regnier and Wallo (2006) also note the difficulty of establishing a scientific basis for prediction of human intrusion and the limiting nature of IHI calculations on management of facilities for shallow-land disposal of low-level radioactive waste. The National Academy of Sciences has argued repeatedly in program assessments sponsored by the DOE that it is not feasible to make meaningful predictions about the probability of IHI or to incorporate alternative scenarios of human intrusion into risk-based assessments (National Academy of Sciences, 1995; . The DOE policies endorse the use of institutional controls to prevent or limit inadvertent human exposure scenarios (DOE, 2003b) and implementation of risk-based end states. The current long-term end state vision for the NTS is:
. . . to restore the environment to an extent that will allow the maximum continuation of the national security mission conducted by the NNSA/NSO, the national laboratories, and the contractors. This vision includes the removal of only the contamination that poses an unacceptable risk to workers conducting planned site operations in support of the NNSA/NSO mission and characterizing/ stabilizing the rest of the contamination to ensure that remaining levels do not spread to the surrounding environment and pose an unacceptable risk (DOE, 2006) .
The primary goal for the NTS end-state vision includes the completion of the described UGTA modeling predictions with quantification of uncertainty for the contaminant boundary and negotiation of a compliance boundary and closure document after completion of site monitoring.
The following changes will be implemented in the NNSA/NSO policies for institutional control of the Area 5 and Area 3 RWMSs for consistency with the NTS end-state vision:
1. The timing of the onset of the loss of institutional control will continue to be assessed as a probability distribution that is based on and justified by local conditions.
2. The probability of IHI will no longer be applied in risk-modified dose calculations consistent with the guidance of the National Academy of Sciences.
3. The Area 5 and Area 3 facilities will assume land-use restrictions consistent with NNSA directives and the UGTA/FFACO policies for the NTS.
4. The land-use restrictions will prohibit public access to contaminated groundwater within the NDEP compliance-negotiated boundaries for 1,000 years. A 1,000-year duration for land-use restrictions is not specified in the FFACO (DOE, 1996) , but is a recognized requirement of the definition of the contaminant boundary (page VI-3-3), the performance criteria (page VI-3-4), and the requirements for implementing the SDWA (page VI-3-12).
(All page references are from Appendix VI of the FFACO [DOE 1996 ].)
5. The PA and CA for the Area 5 and Area 3 facilities demonstrate that there is insufficient transport to establish a downward pathway beneath the facilities to groundwater for contaminants during the 1,000-year compliance period (Shott et al., 1998; 2000; BN, 2006) . The only release pathways that allow interaction between the disposal facility inventory and the UGTA groundwater contamination is from drilling to groundwater near the waste disposal facilities (combined atmospheric and groundwater pathways). The landuse restrictions eliminate groundwater drilling as a release pathway and eliminate the agriculture resident and the water-drilling IHI scenarios from consideration in the PA and CA for the Area 5 and Area 3 RWMSs.
6. The land-use restrictions are assumed to eliminate long-term access to groundwater for the chronic post-drilling and intruder agriculture scenarios. The policies are not expected to be 100% effective for shorter time spans (months) and will not prevent the acute groundwater drilling and construction scenarios.
The PA/CA maintenance program issues that arise from the consideration of land-use restrictions are discussed below, first considering the DOE Order 435.1, "Radioactive Waste Management" performance objectives pertaining to the low-level waste (LLW) disposals; and second, the Title 40 Code of Federal Regulations (CFR) 191, "Environmental Radiation Protection Standards for Management and Disposal of Spend Nuclear Fuel, High-Level, and Transuranic Radioactive Wastes," performance objectives pertaining to the transuranic (TRU) waste in four greater confinement disposal (GCD) boreholes and a trench (T04C).
Policy Implications for Compliance Determination under DOE Order 435.1
Protection of groundwater resources and inadvertent intruders are requirements under DOE Order 435.1, as specified in DOE Manual 435.1-1, "Radioactive Waste Management Manual". The compliance determination for the LLW facilities at the DOE complex is based on the following performance objectives:
1. The dose to representative MOPs shall not exceed 0.25 milliSieverts (mSv) in a year total TEDE from all exposure pathways, excluding the dose from radon and its progeny in air.
2. The dose to representative MOPs via the air pathway shall not exceed 0.10 mSv in a year TEDE, excluding the dose from radon and its progeny.
3. The release of radon shall be less than an average flux of 0.74 Becquerel per square meter per second at the surface of the disposal facility. Alternatively, a limit of 0.0185 Becquerel per liter of air may be applied at the boundary of the facility.
Only the compliance determinations for the performance objectives (1 and 2 above) are impacted by the land-use and institutional-control policy. Representative members of the public are interpreted to be members of a critical group engaged in typical activities expected for the region. The critical group includes those MOPs exposed to the highest radionuclide releases from the site. These considerations (including when and where MOPs can be exposed to releases from the facilities) have led to defining MOP scenarios for the PA/CA evaluations. The original Area 5 RWMS PA (Shott et al., 1998) , and the current addendum (BN and Neptune, 2006) evaluated three MOP scenarios:
In the transient occupancy scenario, individuals were assumed to use the site on a short-term basis for recreational activities. The open rangeland scenario envisioned a ranch with individuals living at off-site locations with available water (Cane Spring and Indian Springs), but having cattle grazing on site. The resident farmer scenario, similar to the transient scenario, is assumed to be located at 100 meters (m) (330 feet [ft] ) from the RWMS boundary with water supplied from a groundwater well. This scenario location is assumed to be similar to the expected boundary of land-use restrictions under the UGTA FFACO agreements. The primary distinction between the open rangeland scenario conducted for receptors at Cane Spring and the NTS Boundary, and the resident farmer is in the location of the assumed residence. The soil sourceterm for the open rangeland scenarios, with the exception of the beef and milk pathways wherein cattle and cows are assumed to graze at the RWMS, is generated by modeling atmospheric transport and deposition of RWMS soils at these remote locations. A summary of the exposure routes evaluated in each of these scenarios is provided in Table 1 .
In the Area 5 RWMS CA, the MOP dose was computed using the resident scenario with agriculture (BN, 2001) , located 100 m (330 ft) from the edge of the RWMS boundary. Two MOP scenarios were implemented in the Area 3 RWMS PA/CA (Shott et al., 2000) : the resident and the resident with agriculture (in both scenarios, the MOP being located at 100 m [330 ft] from the RWMS boundary). The compliance determination was based on the resident scenario without agriculture.
To bring consistency to the evaluation of the MOP dose for the Area 5 and Area 3 RWMSs, and to be consistent with NNSA/NSO's land-use and institutional control policies, the maintenance program is adopting the resident without agriculture as the compliance scenario in future PA/CA modeling. DOE M 435.1-1 requires that doses be calculated for the critical group assuming average living habits. Cultivation of food is rare for residents of southern Nevada living at locations without shallow groundwater and is not considered an average habit for PA/CA modeling. The consequence of NNSA/NSO's land-use policy and the institutional-control policy combined may preclude a community scenario within the 1,000-year compliance period for compliance determination for either the Area 3 or Area 5 RWMS. A future NTS landlord decision regarding the release of the NTS lands for public access is uncertain. Therefore, the PA/CA maintenance program will continue to use the probability distributions established in the current versions of the GoldSim ® PA/CA models to initiate the time after closure when the MOP scenario can occur. This approach assumes both active and passive institutional controls for the Area 5 and Area 3 facilities and is consistent with the IHI policies for the tank farms at the Hanford site (Hewitt et al., 2006) .
Institutional control is not assumed to preclude short-term intrusion into the site. Therefore, the PA will evaluate an acute drilling and construction IHI scenario. The acute drilling scenario estimates the dose to a drill crew drilling a water well through a disposal cell. The acute construction scenario estimates the dose to a construction crew excavating a septic tank or basement during construction of a residence. Exposure pathways for both scenarios are summarized in Table 2 . 
Policy Implications for Compliance Determination under Title 40 CFR 191
A PA for the TRU materials emplaced in four GCD boreholes at the Area 5 RWMS was prepared by Sandia National Laboratories (Cochran et al., 2001) (Frei, MW, 2002) .
Title 40 CFR 191 requires that the TRU performance evaluation limit the institutional control period to a maximum of 100 years, and consider both the disturbed (human intrusion events as well as natural events such as climate change) and the undisturbed performance of a TRU waste facility for a 10,000-year compliance period.
Performed with these assumptions, the GCD PA provides a very conservative evaluation of the performance of the TRU materials in the GCD boreholes. The cumulative releases of TRU radionuclides from the GCD facility over a 10,000-year period (Containment Requirements) were shown to be well below the allowable releases under the regulation. Drill cuttings from well-drilling intrusion events into the waste were included in the release calculations. The dose to MOP (Individual Protection Requirements) was also shown to be well below the dose limit.
Both an off-site resident-farmer and on-site homebuilder MOP scenario were evaluated for a 1,000-year compliance period. The homebuilder was assumed to reside on top of the GCD borehole, and all releases from the boreholes were cumulated into the soil in a garden. Well-drilling intrusion was assumed to occur in 2170 (100 years after the facility closure).
Summary
The NNSA/NSO will use the following institutional control policies in PA documents:
1. The chronic IHI scenarios will not occur at the Area 5 or Area 3 facilities based on combined land-use restrictions of the NTS by the NNSA/NSO and the location of the facilities within areas that will prohibit groundwater access as specified in FFACO agreements.
2. The acute IHI scenarios are assumed to occur at the Area 3 and Area 5 facilities and the calculated doses for these scenarios will be included in the performance assessments.
3. The PA/CA will use a probability distribution for establishing when the MOP scenarios and acute IHI scenarios will occur and will use the resident without agriculture as the compliance scenario. The MOP will be assumed to be located at the UGTA-determined compliance boundary.
4.
The well-drilling scenario is assumed to occur after loss of active institutional control at 100 years for consistency with the regulatory requirements of Title 40 CFR 191.
